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II. MODULATOR RELIABILITY
The SLC must operate at 120 Hz with a very high degree of reliability and on a continuous basis. Fortunately, we have a modest excess of modulatorklystron systems which allows some measure of redundancy, and hence some freedom from the constraint that all 244 modulatorklystrons operate simultaneously.
The modulator log books for 1991 through 1995 were poured into a database in order to analyze the reliability and hence availability of the modulators. The log books also recorded station problems associated with the modulator computer interface, klystron (which included rf, water, and vacuum problems), accelerator structure and waveguide problems allied with vacuum and water interlocks, klystron dc magnet circuit, and 600 Vac variable voltage substation operation. The database was designed to 0-7803-3053-6/96/$5 .QO O1996 IEEE reveal specific modulator problems and the frequency of those problems. Prior to this analysis these revelations existed as only anecdotal recollections among the modulator cognoscenti, the data had not been quantified, accordingly it couldn't be used to provide evidence for improving the reliability of the modulators.
For five years of analysis, we take two approaches. First we compare hours of SLC operation and modulator problem counts to calculate and plot mean time to failure (MTTF) for the various modulator components as part of an entire system. Second, we take all of the reliability data, combine it, calculate availability, and offer the results in Table I11 with a run by run summary in Table IV. The plots are divided into three types, the "reset & adjustment" intervention, the "repair then run" occurrence, and finally the component failure situation that requires removal and replacement of a component or sub-system. Consider Figure 1 , it shows the "reset & adjustment" MTTF chart for the modulator system. The x-axis displays the category of reset or adjustment and the SLC operating year 1991.92, 93, and 9415. The MTTF in hours is on the y-axis. These hours indicate how often the reset or adjustments occur, or require a technician to travel to the Linac gallery. These MTTF's are not based on single modulators, but for the entire 244 station Linac. The modulators operated at 60 Hz for 1991 SLC run. The other three runs were at 120 Hz except for a few weeks of 60 Hz operation in 9415.
For the "Reset Main CB" category, the MTTF axis indicates how often intervention was required to reset this main modulator circuit breaker over four distinct periods of SLC operation. This circuit breaker can trip for several reasons, but the typical case involves thyratron latch up because of high reservoir voltage or a malfunctioning thyratron. Normally the circuit breaker trips because the over current fault circuit fails to open the primary contactor for the hv power supply. The plot indicates that some improvement in this category has occurred over the years. The installation of a ferro-resonant voltage regulator in 1993 may be responsible for this slight increase in MTTF for the 9415 run. Until the contactor or control scheme are improved or replaced we will continue to be plagued by these nuisance trips.
RELIABILITY AND AVAILABILITY
The five year database contains 7,537 nonscheduled interventions with 3,167 hours of allied repaired time for the 21,840 hour SLC/modulator operating period. This operating period can not be accurately measured as the front end (the first 13 modulators) must always come on weeks before the rest of the modulators down the linac. nonscheduled problems based on the operating hours and a typical Poisson distribution for electronic equipment failure, Modulator System Failure Rate = 7537/21840 hr Modulator System Failure Rate = 0.35 problemshour, or a problem occurs about once every three hours for the 244 units configured as a "system." This forces the modulator technicians to enter the linac gallery almost every three hours to correct a modulator problem. And these calculations don't include the external problems, e.g., vacuum and water interlocks for the klystron and accelerator waveguide, interface electronics or the 600 V ac utility power.
Assuming that a constant failure rate occurs for
The modulator "mean time to failure" is then,
Modulator MTTF = 707 hours, which when considering the age of modulators, thyratron fault rate, and relay control circuitry seems appropriate (the database error could be as high as k 5%).
for repair of 203 hours. We apply the above calculations for the critical modulators and then compare the data with the entire ensemble of 244 modulators in Table 111 . The critical modulator value of 0.990 indicates that their availability was better than either of the above two calculations for Modulator System Availability which offered 0.854 for the no spares case, and 0.931 for the spares case, but it forebodes that the expected availability would be no better than 0.854 since there are no spares for the 15 critical modulators. We are lucky, or we give these modulators more attention when permitted by the schedule.
Finally, we arrive at the comparison of Availability for SLC and the modulator system. Table IV offers this data. The final calculation of interest to the accelerator operator and physicist is modulator availability, or when can it be depended on to work. The reliability experts give several definitions for availability, we will use the following as it has been applied to other accelerator systems. Modulator System Availability = 1-(Failure Rate)(MTTR) Modulator System Availability = 0.854
This would be the "availability" if there were no spares for thc modulators, however as mentioned earlier there are up to 14 spares available and they can be activated within 12 minutes to replace a faulty unit. Using the 12 minute or 0.2 hour repaidreplacement as the MTTR, then increases the "availability" to 0.93 1, a respectable increase that
IV. CONCLUSIONS
SLC availability increased while the 15 Critical Modulator Availability wavered about 0.99 indicating that the modulator system does not seriously impact SLC performance. We continue to improve the reliability of the system. Presently we are installing a device, an "anode reactor" that extends the life of the pulse cable. It has definitely improved cable lifetimes in six modulators where it has been installed. But even if cable lifetimes improve by a factor of three; "Availability" only increases by 0.9%.
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